In this work we show how the study of the absorption of electromagnetic energy will be approached in biological tissues of the human head, originating from cell phones in a 900MHz band, and the development of a program to calculate the Specific Absorption Rate (SAR) in the cell phone user's head. The implementation of the Local Non-Orthogonal Finite-Difference Time Domain method is presented (LN-FDTD) , and the use of Uniaxial Perfectly-Matched Layer (UPML), comparing the results obtained with the existing results in the literature.
INTRODUCTION
The popularity of the mobile telephony in the globalized world has caused a growing demand of the people's needs in the globalized society in trying to reduce the distances among them, what made the mobile communication easier and at the same time provided new life perspectives. Even with all the progress on the mobile telephony, through their benefits and applications on behalf of the society, this kind of system causes damages to the human health, since, in several situations, these gadgets can emit high potencies when they are very close to the user's head. In these cases, due to the great exposition to the electromagnetic radiations which people are submitted, a considerable portion of the irradiated energy is absorbed by the head tissues: skin, fat, bone and brain etc, some of which are formed by extremely sensitive elements which are very important for the human being, as for instance: the neurons, chromosomes etc. This absorption of non-ionizing electromagnetic energy can provoke basically two effects: (a) The "Thermal Effects" and (b) "Non-Thermal Effects" [1-2].
The thermal effects have been known for at least 50 years (fifty years). They originate from the heating of the tissue. The radiation is not only absorbed at the level of the skin, but also in deeper levels of the body, causing a temperature increase which is not noticed by the natural thermal sensors because it's superficially located. That generated internally heat, depending on the amount of exposition time, the intensity of the field and the thickness of the tissue, cannot be compensated and it causes serious damages: (a) increase of the temperature in the organs, (b) alterations in their electric operation due to modifications in the chemical operation of the cells and (c) alterations in the mechanism of electric signs transmission, from the brain to the muscles, according to Salles [3] .
The exhibition limits vary according to the frequency, partly for considering the resonance and also for considering the smallest depth of penetration of the electromagnetic fields in higher frequencies. The resonance is important because when this phenomenon happens, it results in larger absorption of energy, for instance: an adult's head can present resonance in bands from 400 to 500 MHz, and in a child's head the resonance can happen in bands from 700 to 800 MHz (ICNIRP, 1998). The non-thermal effects are biochemical or electro-physical effects caused directly by the induced electromagnetic fields. These effects are still part of studies which present conflicting results in the international scientific literature. The effects that were clearly demonstrated include the alteration in the ions flow through the membranes of the cells (affecting particularly the electrophysiologic properties of the nervous cells) alterations in the synthesis of DNA and in the transcription of RNA and effects in the normal cells responses to the signaling molecule (including hormones, neurotransmitters and growth factors). Alterations in 62 the flow of calcium in the cells, in the blood-brain barrier that protects the brain from certain toxins and in the development of brain tumors which were reported by (Fischetti, 1993 ).
In the problem we are proposing, the non-ionizing radiation is used to determine the Specific Absorption Rate of the cell phone in the human head, varying the distance from the cell phone to the head and the frequency of the cell phone. We used the Local Non-Orthogonal Finite-Difference Time Domain method (LN-FDTD) [4] , which contributed to the development of an algorithm to obtain the (SAR) of the cell phone in the user's head.
The main contribution of this work is to present a numerical method to solve the staircase problem in an ellipsoid surface and the obtaining of the results that are more precise and time saving in the computational field.
THEORETICAL IMPLEMENTATION OF THE LN-FDTD METHOD
We defined an irregular non-orthogonal structured grid composed of meshes denominated primary and secondary. The primary mesh is projected to adapt the geometry of the problem, the one that can be accomplished by the use of a generator of adaptive meshes. This mesh can also be chosen to align with the components of the electric or magnetic field, depending on the contour/outline condition that is imposed in the physical geometry. Then, the second mesh is generated by the connection of the baricenters of the primary mesh cells. Because the equations of Maxwell in the integral form are applied naturally in a non-orthogonal irregular space they will be used to obtain the components for updating the electric and magnetic fields in the time domain, using the LN-FDTD method. Being considered an isotropic environment and free from sources [5] , it can be written as:
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The contra-varying components of the electric field   
The volumes 2 e V and 3 e V are obtained in a similar way.
It is necessary to convert the contra-varying components of the electric field into co-varying components, so that the contravarying components of the field  can make calculations, and vice-versa.
DESCRIPTION OF THE MODEL
The development of this work will happen inside an UPML [6] , whose walls are covered by absorbent layers (ABC), which plays the role of the contour/outline conditions. The interior of the UPML is called analysis area, and a human head 
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will be put with its respective dielectric properties: conductivity, permeability and permissiveness of each tissue, distant 9mm, 18mm and 27mm from the dipole of variable frequency of 900MHz and 1800MHz, which will measure the electric field on each point of the cell, in agreement with Figure 3 . 
DESCRIPTION OF THE LN-FDTD MODEL OF THE HUMAN HEAD.
In this work we make a description of the data and the development of the LN-FDTD numerical model, using the human head experiment. The model is detailed with the different types of tissues: skin, fat, leather-hairy, bone, blood, etc., and with their respective dielectric properties. The human head model validated in the literature with the following dimensions: 264 height mm, 177 width mm and 240 depth mm. They were obtained from available medical images. A total of 226 images of axial cuts were used, with spacing of 9mm, yielded by the "Ofir Loyola Hospital", and recommended by the research laboratory AT Telstra Research Laboratories (TLR) [7] each image is composed of 177X240 points or pixels, composing a mesh of 42.480 cells. For a better aid in the discretization of the tissues, images of computerized tomography and magnetic resonance were used. It has been observed that the pick of SAR is in the base of the nose. This pick also coincides with the presence of the highest tissues of the conductivity: skin, blood, and cartilage, in agreement with the values of the table 1 [7] . Table I . Delectric properties of the human head tissues .
RESULT OF THE HUMAN HEAD MODEL.
The effects of the non-ionizing electromagnetic radiation in the human head are being studied; as the distribution of electric field and SAR. The standard user's head modeling with the following dimensions: 264mm of height (from the chin to the head's top), 177mm of width (from ear to ear), and 240 depth mm (from nose to the rear part of the head) which was constituted by 89 plane sections.
They were obtained from available medical images. A total of 226 images of axial cuts were used, with spacing of 9 mm, yielded by the "Ofir Loyola Hospital." Each image is composed of 177 x 240 points or pixels, composing a mesh of 42480 cells. For a better aid in the discretization of the tissues, images of computerized Tomography and Magnetic Resonance were used. Initially, we made simulations for the problem consisting of a uniformly plane wave interacting with the human head. We adopted, for an experimental simulation, a non-homogeneous environment, with the dielectric constants of the table 1, and, for the frequencies of 900MHz and with a potency of 1W, 0.6W 0.25W, that were recommended by IEEESCC-34/S-2. For a simple model of human head in 2-D with an axial cut in the plan xy, excited by a dipole antenna 90mm long.
The variation of the distance, from the antenna to the head; 9mm guided along the axis z. The acquired results regarding the simulation of the electric field and SAR, after 1750 interactions, in the frequencies of 900MHz. For a potency of 1W, 0.6W, 0.25W and in the frequency of 900MHz, in agreement with the table 2. chosen, to give a better understanding of the acquired data during the simulation. Considering the picture (4) for the band of 900 MHz, we can observe that the acquired results in relation with the potencies of 1W and 0.6W are above the expected; while the data relative to the potency of 0.25W in the table (2) show the values of SAR within the limit established by the international agencies and by the national agency ANATEL. In the potencies of 1W and 0.6W versus the distances of 9 mm, SAR is above the norms of the international organizations like ICNIRP [8] and also of the norms of the national agency ANATEL [9]; while, for the potencies of 0.25W, in the distance of 9mm, it's within the maximum limit allowed by law. Most of the results were superior to the limit established by ICNIRP of 2 W/Kg for the population in general. We analyzed that some areas of the brain present larger or smaller absorption, as displayed on ( Figure 5 ).
CONCLUSION
In this work the development of a numerical LN-FDTD method is described (Local Non-Orthogonal Finite-Difference Time Domain (LN-FDTD) ), that it is used to determine the absorption of electromagnetic energy in the human head's area. We also supply a study concerning the main aspects of the algorithm to quantify the specific absorption rate (SAR) in the human head. The results prove the usefulness of the method in the capacity to verify the precision and the efficiency in the solution of problems that involve non-homogeneous materials.
They also indicated a significant influence of several types of tissues that form the human head, and important factors when interpreting the experimental results, particularly (for a plane wave, whose frequency is 900 MHz), for a medium rate of the head's axial plan.
The values of SAR pick are significantly higher for the areas; eyes and nose of the heterogeneous human head's model. 
